First results of the “MEERMOSE” campaign : influence of aircraft
engine thrust on physical and chemical properties of soot particles.
A study from the macroscale down to the atomic scale by HRTEM,

XPS and NEXAFS
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« MERMOSE » project : measurement and study of the reactivity
of aircraft engine emissions
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* Engine certified by Snecma in June 2010 * Fan diameter:1.22 m
* Turbo-fan with an optimised single annular combustor * Engine length : 2.20 m

* 15400 to 17800 Ib of thrust * Fuel:Jet Al



3000 ft (914 m)
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Engine thrust : 30, 70, 85, 100 % F, (take-off)

SOOT AGGREGATES MORPHOLOGY

30% 70%

* Irregular and compact:1.7<Df<1.9

* Morphology : no evolution with engine power




SOOT PRIMARY PARTICLES DIAMETER
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CARBONACEOUS CRISTALLITES LENGTH
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Normalized absorption (arb. units)

Normalized absorption (arb. units)
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FIG. 1. Supercell used in the calculations. The core-excited
atom is at location 1, and the higher numbers indicate the distance
from a core-hole site.

28 A2 Cogge / Corapn. = 44 %
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Normalized absorption (arb. units)
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- » -C=C- functionalities of small aliphatic chains are observed

* More oxydation (between 40 and 80 % with respect to the bulk signal)

» Resonance at the surface assigned to C-C distances 4% shorter than in graphene

(in agreement with TEM) =» more structural defects at the surface

DIFFERENCES BETWEEN THE BULK AND SURFACE’ SIGNALS
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counts/sec

O1s XPS : oxygen concentration and oxygen speciation at the surface
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A SKETCH OF SURFACE AND BULK CRISTALLITES
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SUMMARY - CONCLUSION

Sampling and characterization of soot particles emitted from a full SaM146-1S17 turbofan engine :

Submicrometric aggregates

Aggregates’ morphology does not evolve with engine thrust

Nanometric primary particles having diameters < 20 nm that increase with engine thrust

Cristallites size < 4 nm that decreases when engine thrust increases

C-C bonds < C-C graphite

Structural defects more pronounced at the particles’ surface compared to the bulk

Outermost cristallites more oxidized than in the « bulk » (surface:0/C<3.5% - bulk:0/C<2.4%)
Presence of aliphatic chains (likely linking cristallites)

Oxygen speciation : ketone, carbonyl, carboxyl, ether (linear and cyclic)

Our sketch of carbonaceous cristallites constituting the soot primary particles :
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Thank you for your attention !
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